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Abstract: Little information exists in Tordan about the presence of viral diseases in honey bee (4 pis mellifera)
colonies and their association with Varroa destructor mites. The first investigation using molecular techniques
of honey bees colonies infested with Farroa mites for the presence of three viruses in Jordan is reported.
Samples of adult bees, larvae and Varroa mites were collected from twenty four colonies represented seven
different locations of Jordan. Infestation percentages were 54.2% for Tsraeli Acute Paralysis Virus (TAPV)
followed by 11.1% for Deformed Wing Virus (DWV) and 4.2% for Black Queen Cell Virus (BQCV). TAPV and
DWYV were detected i adult bees, larvae and Varroa, while, BQCV was found only in adult bees and Varroa.
The results were confirmed by analyzing the samples with reverse transcription-PCR (RT-PCR) for the three
viruses surveyed using specific primers. This is the first molecular detection of these three viruses infecting

honey bees in Jordan.
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INTRODUCTION

Honeybee, Apis mellifera L., 13 one of the most
umportant economical msects by both its various products
and by contribution to the pollination of agricultural
plants. The beekeeping industry plays a key role in
agricultural production in Jordan, the total preduction
value of 12 bee-pollinated crops was 117.4 million dollars
in 2005 of which, 50.7 million dollars could be directly
attributed to pollination by honeybees (Haddad et al,
2008). However, the health and vigor of honevbee
colomes are tlreatened by numerous parasites and
pathogens, including viruses, bacteria, protozea and
mites.

Among pathogens attacking honeybees, viruses are
probably the least understood because of the lack of
information about the dynamics underlying viral disease
outbreaks (Chen et al., 2006). Honey bee was subjected to
many viral infections and a total of 18 viruses have been
identified and characterized in this species (Shen et al,
2005). The occurrence of Tsraeli Acute Bee Paralysis Virus
(TAPV), Kashmir Bee Virus (KBV), Chronic Bee Paralysis
Virus (CBPV) and Acute Bee Paralysis Virus (ABPV) have
been proved m Jordan by Al-Abbadi et af. (2010a, b). The
APRPV, Sac Brood Virus (SBV) and Deformed Wing Virus
(DWYV) were detected only in Ajloun area by
Haddad et al. (2008). The existing of SBV, Black Queen

Cell Virus (BQCV) and the differences in the distribution
pattern of these two viruses in different regions of Jordan
had determined (Al-Abbadi et al., 2013).

The ectoparasitic mite Farroa destructor 1s an
obligate parasite and considered a major pest of the
honeybee 4. mellifera. infested  with
V. destructor develop the parasitic mite syndrome and
ultimately collapse if left untreated (Shimanuki et af.,
1994). V. destructor has been confirmed as a vector in
transmitting and activating bee virus infections and it 1s
well established that viruses vectored by V. destructor
play an important role in Farroa- induced colony collapse
(Martin, 2001; Shen et al., 2005). All reproduction of
Varroa mites occurs in the brood cells and only the adult

Colonies

females survive after the bee emerges. Varroa mites suck
the hemolymph from adults and developing pupae of
honeybees, thereby weakening the bees and shortening
their life span (Shen et al., 2005). Because the parasitic
mite V. destructor feeds and moves regularly between
brood and adult bees, these mites have the potential to
act as either biological or mechanical vectors of bee
viruses. While bee viruses were noticed prior to the arrival
of V. destructor in A. mellifera populations (Bailey, 1976),
viral disease outbreaks have often been reported to be
associated with mite infestations.

A most crucial stage in the dynamics of virus
infections 18 the mode of virus transmission. In general,
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transmission of viruses can occur through two pathways:
vertical and horizontal transmission (Berenyi et al., 2007,
Forgach et al., 2008). In vertical transmission, viruses are
transmitted from adults to their offspring, while horizontal
transmission occurs among ndividuals of the same
generation. Horizontal transmission is also very likely
among adult bees and from adult workers to larvae
through contaminated food resources, because both
viruses have been detected in all developmental stages
and food sources (brood food, honey, pollen and royal
jelly). Furthermore, 1t was demonstrated that mites were
another possible route of horizontal transmission, as both
viruses were detected in mites and their saliva
(Sumpter and Martin, 2004).

To increase understanding of the relationship among
viruses, mites and colony decline and the tripartite
relationships among bees, two viruses (KBV and SBV)
and Varroa mites have been investigated systematically
by Shen et «l (2005). By using Enzyme-linked
Immunosorbent  Assay (ELISA) and Reverse
Transcription-Polymerase Chain Reaction (RT-PCR), the
presence of KBV and SBV was studied comparatively in
different developmental stages and castes of bees. The
results demonstrated that KBV may persist as a viral
genome with extremely low levels of viral-capsid proteins
and that KBV and SBV can co-mfect honeybees.
Moreover, the study indicated the presence of KBV and
SBV RNAs in both queens and eggs by RT-PCR,
suggesting a route of transovarial transmission. By using
RT-PCR, several honeybee viruses were detected in mite
samples collected from honeybee colonies from
different countries (Hung et al., 2000; Chen ef al., 2004,
Yue and Genersch, 2005; Chantawannakul et al., 2006;
Gulmez et al., 2009, Gisder et al., 2009).

Although, honeybee viruses are reported from many
countries (Allen and Ball, 1996, Chen et of., 2005,
Lanzi et al., 2006; Teixeira et al., 2008; Berenyi et al., 2006)
and much research has been done on the characterization
of bee viruses, little is known about the transmission
routes of bee viruses and the relationship with FVarroa
mites. Six honeybee viruses were detected in Jordan
(Al-Abbadi et al, 2010a, b; 2013; Haddad et ai., 2008),
whereas there are no reports about causative agents of
the viral honeybee diseases in Jordan.

Table 1: Primers used for the detection of three honeybee viruses

In this study, RT-PCR was used to detect the
association between honeybee viruses (Israeli bee
paralysis virus, black queen cell virus, deformed wing
virus) and Parroa mite collected from Jordanian honeybee
colonies.

MATERIALS AND METHODS

Seventy two samples were collected from 24 colonies
of different apiaries that located in seven different regions
of Jordan including Yadoda, Baga, Alsalt, Abu-Nuseer,
Shuna Janobya, Wadi Shueeb and Humrat Alsahen.

The collected samples represented honeybee
colonies infected with Varroa mites with or without
apparent symptoms of virus infection. The samples of
each colony included; honeybee adults, larvae and
Varroa mites. Fach sample was consisted of 15-20
honeybee adults and larvae and about 20 Farroa mites.
The samples were kept in separate test tubes and stored
at -80°C until investigation. The frozen samples were
homogenized in liquid nitrogen and the RNA was then
extracted by employing QT Aamp®viral RNA Kit (QTAGEN)
according to the manufactures instructions. The extracted
RNA was used for the RT-PCR testes.

Amplification was carried out in a total volume of
25 pL, where 2.4 uL of template RNA (diluted 2:20 pL) was
added to the master mix that contained: 5 units (0.1 ul.) of
reverse transcriptase, 1 pl. of INTPs, 0.5 pl. MgSO,, 2 ul
of 5X RT-PCR and 3 pL of 10X Tag-PCR buffer, 5 units
(0.1 pl) of Tag-polymerase, 1.0 ul, of 10 uM of each
forward and reverse primer. Doubled distilled water was
added to the final volume.

The TAPVYV primer pair was JTAPVF (5°-
AGACACCAATCACGGACCTCAC-3") and IAPVR (5°-
AGATTTGTCTGTCTCCCAGTGCACAT-3") to amplify
475 bp segment. The BQCV primer pair was BQCVF (5-
"GGAGATGTATGCGCTTTATCGAG-3") and BQCVR
(5" CACCAACCGCATAATAGCGATTGS’) to amphify
316 bp segment. The DWV primer pair was DWVF
(5 CTCGTCATTTTGTCCCGACT-3") and DWVR
(5"TGCAAAGATGCTGTCAAACC-3") to amplify 424 bp
segment (Table 1).

Reverse transcription and amplification were
conducted with a continuous RT-PCR method using the

Virus name Primer sequence (5°-37)

Amplicon size (bp) References

Israeli acute paralysis virus (IAPV)

F AGACACCAATCACGGACCTCAC 475

Maori et al. (2007)

R AGATTTGTCTGTCTCCCAGTGCACAT

Black queen cell virus (BQCY)

F GGAGATGTATGCGCTTITATCGAGI 316

Topley et . (2005)

R CACCAACCGCATAATAGCGATTGI

Deformed wing virus (DWYV)

F CTCGTCATTTTGTCCCGACT 424
R TGCAAAGATGCTGTCAAACC

Williarns et . (2009)
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following program: RT for 45 min at 46°C followed by
1 cycle of 2 min at 94°C, followed by 40 cycles of 30 sec at
94°C, 55 sec at (56.5°C for TAPV, 54.5°C for BQCYV and
54°C for DWV) and 1 min at 72°C, followed by 10 min at
72°C for final extension. The reaction samples were
detected by 1% agarose gel electrophoresis using 10 plL
of the PCR products, staimng by ethidium bromide and
photographing under UV light.

RESULTS AND DISCUSSION

Varroa destructor infestation of honeybees was
noticed in Jordan in 1986 when the beekeeping sector
faced major losses and as a result over 50% of the
beehives dyed. This happened one vear after the first
notification of the ectoparasitic Farroa mite in honeybee
colonies (Nazer and Rateb, 1991). However, there is no
report for the presence of any virus infection reported to
date. In this study, 24 apiaries with total of 72 samples
were collected from seven different locations of Jordan
(Yadoda, Baqa, Alsalt Abu-Nuseer, Shuna Janobya,
Wadi Shueeb and Humrat Alsahen). Thirty nine samples
were detected positive for IAPV infection (13 adults,
13 larvae and 13 Varroa) that represented all the seven
locations. BQCV detected in larvae and varroa within two
locations (Shuna Janobya and Wadi Shueeb). DWV

The PCR primer for TAPV generated an amplicon
of about 475 bp (Fig. 1) in 54.2% samples (39 out of 72)
from the mite-infested colony samples, which is about
the same size as the TAPV amplicon reported by
Maori et al. (2007). The BQCV primer generated an
amplified segment of about 316 bp in 4.2% (3 out of
72 samples), this size mentioned by Topley et al. (2005)
(Fig. 2). The PCR amplification product with DW'V primer
was about 424 bpm 11.1% (8 out of 72 samples),
similar amplicon size was reported by Williams ef al
(2009) (Fig. 3). Such infections with IAPV add to the
pathology of V. destructor could play a major role in
honeybee colomies collapse in Jordan. The results also
demonstrated that TAPV is able to replicate in adults,
larvae and varroa and so as for DWV and  this
agreement with the findings of Guzman-Novoa ef al.
(2012) and Di Prisco et al. (2011). The BQCV was detected
in adults and varroa only. These findings supported the
horizontal transmission of the viruses within honeybee
colomes. Also, these viruses could usually cause
unapparent infections and may not be perceived by
beekeepers for many years.

BQCV was originally found in dead honeybee queen
larvae and pupae (Bailey and Woods, 1977). This support
the results that indicated the presence of only one
infected adult bee and many others varroa. This virus was

s In

detected in eight samples (1 adult, 4 larvae, 3 varroa) very prevalent, especially in adult bees, whereas
within four locations (Baga, Alsalt, Abu-Nuseer and Wadi infections in  pupae were scarcely detected
Shueeb) (Table 2). (Tentcheva et al., 2004).
Table 2: Samples numbers, locations and RT-PCR detection of the three viruses within each honeybee and Farroa samples
IAPY BOCV DWWV
Colony No. Tocation A L v A L v A L v
1 Yadoda + + +
2 Yadoda
3 Yadoda +
4 Yadoda +
5 Yadoda
6 Baga
7 Baga + +
8 Baga + + +
9 Baga + + +
10 Baga + + + +
11 Alsalt + + +
12 Alsalt + + + + +
13 Alsalt +
14 Alsalt +
15 Alsalt + +
16 Abu-Nuseer + + +
17 Abu-Nuseer + +
18 Abu-Nuseer + + +
19 Stuna Janobya +
20 Shuna Janobya + + + +
21 Wadi Shueeb + + + +
22 Humrat Alsahen +
23 Humrat Alsahen + +
24 Baqa +

A Adult, L: Larvae, V: Varroa
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Fig. 1: Agarose gel electrophoresis for detection of TAPV by RT-PCR in six honeybee samples collected from different
regions. Lane M: 100 bp marker, lanes represented samples (1-6) of adults (A), larvae (L) and Varroa (V)

M  A19 L19 V19 A20 L20 V20 A21 L21 V21 A22 L22 V22 A23 L23 V23 A24 L24 V24

Fig. 2: Agarose gel electrophoresis for detection of BQV by RT-PCR in six honeybee samples collected from different
regions. Lane M: 100 bp marker, lanes represented samples (19-24) of adults (A), larvae (L) and Varroa (V)

Al13 L13 V13 Al4 L14 V14 A15 L15 V15 A16 L16 V16 Al7 L17 V17 A18 L18 VI8 M

Fig. 3: Agarose gel electrophoresis for detection of DWV by RT-PCR in six honeybee samples collected from different
regions. Lane M: 100 bp marker, lanes represented samples (13-18) of adults (A), larvae (L) and Varrea (V)
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These results indicated that if any of the TABPV,
DWYV and BOQCV 1s present in honey bee colony or in the
aplary, they could be transmitted by both honeybees
and/or Varroa mites. It may also be concluded that the
presence of Varroa mite in any infected colony in the
aplary may play an important role in the transmission of
the viruses in all apiaries through the foraging behavior of
honeybees. Beekeepers should take
transmitted bee brood, pollen grains and honeybee combs
from one colony to another to prevent the infection of
Varroa or viral diseases.

In conclusion, this study demonstrated that infected
mites play an important role in transmission of viruses and

care when

those Farroa mites are capable of transmitting IAPV,
BQCV and DWYV among honeybees. The present study
proves that different honeybee viruses are circulating in
Jordan apiaries; the detection of IAPV, BQCV and DWV
n different locations and colomes 1s valuable as it helps
us to choose which virus to focus on especially the JAPV.
This investigation also clarifies the power of molecular
technicues in viral studies, the ability of RT-PCR to detect
viruses in individual adult bees, larvae and mites should
prove of great use in future studies directed at the
epidemiology of many other honey bee viruses.
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